ABSTRACT
mediastinal area. Crushing of the thoracic aorta between the sternum and the vertebral structures causes a sudden significant increase in intraluminal pressure. The proximal descending aorta is at greatest risk from shearing forces of sudden deceleration because it is fixed between the subclavian artery and ligamentum arteriosum.
[2] Acute blunt traumatic aortic injury (ABTAI) was first defined by an anatomist in 1557 to describe a victim who fell off a horse. [3] Aortic transection is a rare lesion among major vessel injuries resulting from thoracic trauma. Incidence was calculated to be 0.3% in a series of pedestrian accident victims (5838 cases), 0.1% in a series of victims of fall from height (1163 cases), and 1.4% in a series of pelvic fractures (1450 cases). [4] It has been reported that 80% of these patients do not survive to the emergency department (ED). [1, 4] If the adventitial layer of the aorta remains intact due to incomplete laceration of the ligamentum arteriosum, or if mediastinal hematoma develops, the patient may survive long enough to receive urgent definitive treatment. [5] Timely diagnosis and treatment of aortic injury
INTRODUCTION
Thoracic aortic injuries are responsible for a considerable portion of the deaths related to trauma. Though mostly due to blunt trauma mechanisms, thoracic aortic injuries may also result from penetrating and crushing types of trauma. [1] Penetrating injuries are easily identified; however, diagnosis of blunt trauma may easily be missed. Traumatic energy arising from an impact is usually distributed throughout the entire is crucial for the survival of a multitrauma patient admitted to the ED. History, physical exam, and bedside chest x-ray (CXR) provide useful clues leading to the diagnosis. However, one-third of patients with aortic injury due to blunt trauma do not show any external signs at physical examination. [6] It is also mentioned in the literature that even though bedside CXR may reveal many signs pointing to major vessel injury, most of these findings lack sensitivity and specificity. [5, 7] Chest computerized tomography (CCT) is a frequently used imaging modality for trauma patients in the ED, with sensitivity and specificity rates nearing 100%. [4, 5] The aim of the present study was to retrospectively evaluate patients sent to the ED with ABTAI and compare the correlation between emergency medicine specialists and radiologists in interpreting bedside CXR images for possible aortic injury.
MATERIALS AND METHODS

Study Design
This retrospective cross-sectional study was performed in the ED of Ege University Hospital. University ethics committee approval was obtained prior to data collection. National laws and the World Medical Association Second Declaration of Helsinki were followed to protect patient rights and honor.
Study Setting and Population
All patients diagnosed as traumatic aortic transection in the ED of Ege University hospital between January 1, 2011 and December 31, 2015 were retrospectively evaluated. Study population was composed of patients with International Statistical Classification of Diseases and Related Health Problems (ICD)-10 code I71. Patients older than 18 years of age with traumatic aortic transection who had sufficient medical data were included in the study. Patients with penetrating trauma were excluded.
Study Protocol
Demographic values, trauma mechanism (fall from height, motorcycle accident, motor vehicle accident, pedestrian accident), Revised Trauma Score (RTS), Glasgow Coma Score (GCS), and vital signs (blood pressure [BP] , heart rate [HR], respiratory rate, oxygen saturation) on arrival, physical examination findings (crackles, thoracic skin crepitation), laboratory parameters (white blood cell [WBC] count, hemoglobin [Hb] , blood urea nitrogen [BUN] , creatinine, liver function tests), length of stay in the ED, and clinical outcomes (admission, discharge, exitus) were recorded. Localization of aortic transection was recorded (aortic isthmus within 2 cm of the origin of the left subclavian artery, descending aorta, aortic arc or aortic isthmus). [8] Surgical treatment methods used were noted (thoracic endovascular aortic repair [TEVAR] , endovascular aortic repair [EVAR] ). Aspartate aminotransferase (AST) levels <35 U/L and alanine aminotransferase (ALT) levels <45 U/L were considered normal. BUN, creatinine, WBC and Hb levels were measured as mg/dL, mg/ dL, mm 3 and g/dL respectively. The first bedside CXR and CCT images were digitally documented. CXR images were interpreted by 2 emergency medicine specialists and 1 radiologist, noting if several parameters were present or absent. Reviewing physicians were emergency medicine specialists with advanced degree and more than 10 years of experience in their specialty. Reviewers' interpretations were compared to reports of official radiologist, who had more than 5 years of experience in interventional radiology. Radiologist's interpretation was accepted as authoritative in bedside CXR image evaluation.
The following parameters were examined as aortic transection criteria on CXR: [7, 9] 1. Mediastinal widening: More than 8 cm when supine (at the level of the left subclavian artery origin) on anteroposterior view of the chest or mediastinum to chest width ratio of >0.25. [9, 10] 2. The following parameters were examined for aortic transection on CCT images taken with third-generation CT scanner (Discovery CT 750 HD scanner; GE Healthcare, Little Chalfont, UK): Left first and/or second rib and left others rib fractures, scapula, sternum, clavicula and transthoracic vertebral fracture, left and any side hemothorax, pneumothorax, lung contusion, and mediastinal hematoma.
Statistical Analysis
SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA) software was used for the statistical analyses. For measurement data conforming to normal distribution, arithmetic mean and standard deviation were calculated, and for data not conforming to normal distribution, median and 95% confidence intervals (CI) were obtained. For categorical data obtained by counting, the number and percentage were used.
Reliability Assessment
The kappa statistic was determined for each adverse effect to document inter-rater reliability and was reported as an overall mean with standard deviation. Kappa statistic of <0.00 was considered poor, 0.00-0.20 was slight, 0.21-0.40 was fair, 0.41-0.60 was moderate, 0.61-0.80 was substantial, and 0.81-1.00 was excellent agreement between physician raters. P-value of less than 0.05 was considered significant.
RESULTS
Between January 1, 2011 and December 31, 2015, 30911 of 605971 ED patients were trauma patients. Of 501 patients who were recorded as ICD code I71, 30 (5.98%) had aortic injury. The mean age of patients with ABTAI was 45.87±16.14 years (range: 19-75 years), men predominated (n=21), and 30% (n=99) were 55 years and older. The most common trauma mechanism was motor vehicle collision. One 21-yearold male committed suicide by jumping from 2nd floor, and a 19-year-old female committed suicide by jumping in front of a train. Distribution of patient age and gender according to trauma mechanism is provided in Figure 1 . RTS upon arrival, and hemodynamic and laboratory parameters are shown in Table 1 . RTS was 8 in 21 (70%) cases, 7 in 5 (16.7%) cases, and 6 in 2 (6.7%) cases. GCS was 15 in 24 (60%) cases, 13 in 1 case, and 14 in 3 cases. GCS of 2 patients were undetermined. Arterial systolic BP was <100 mmHg in 9 cases and arterial diastolic BP was <60 mmHg in 12 cases. All cases with low systolic and diastolic arterial BP were tachycardic (pulse >100/min). Laboratory parameters revealed 24 cases (80%) with elevated level of AST, 20 cases (66.7%) showed elevated level of ALT, 22 cases (73.3%) had high WBC level and 2 cases (6.7%) had low WBC count. Physical exam recordings revealed crackles in 3 cases (10%) and skin crepitation in 5 cases (16.7%). CCT scan results revealed 8 cases (26.7%) with subcutaneous emphysema. Of the CXRs, 29 (96.7%) were found in the archives. Figure 2 shows examples of pathological ABTAI CXR images. Evaluation of bedside CXR by the radiologist and inter-rater reliability evaluation results are shown in Table 2 . Agreement rates between emergency medicine specialists and radiologists were found to be excellent and substantial in identification of mediastinal widening and multiple left-sided rib fractures, and fair in identification of widened paraspinal line and transthoracic vertebral fractures. CCT results of all 30 cases were obtained and are shown in Table 3 and Figure 3 . Of all cases, 40% had left lung contusion, 30% had mediastinal hematoma, and 33% had left first and/or second rib fracture. The most common localization for transection was the isthmus region of the aorta ( Figure  4 ). Average length of stay in the ED was 21.95±29.95 hours mitted to anesthesiology and reanimation intensive care unit (ICU), 3 cases (10%) were admitted to general surgery ward, 3 cases (10%) were admitted to other wards, and 3 cases (10%) were discharged from the ED due to regression of findings. During follow up, 5 of the admitted cases were transferred from wards to ICU, where they became exitus (at day 2, 7, 21, 25, 46). Three of these patients had vital signs of BP <100/60 mmHg and HR>100 bpm. Ten patients (33.3%) underwent TEVAR surgery and 1 patient (3.3%) underwent EVAR surgery; remaining patients were managed conservatively.
DISCUSSION
ABTAI is common in multitrauma patients and delay in its diagnosis causes significant mortality. In a case series where autopsies of 420 accidental deaths were evaluated, in nearly 10% of cases, the cause of death was found to be aortic injury. [9] Other studies have found that motor vehicle accidents are responsible for 68-95% of deaths due to aortic injury, and male patients are more common. [8, 11] Mosquera et al. reported mean age to be 41.33 years, and 26.3% of patients were over 55 years of age. [12] Present study results correlated with literature findings. Rupture of the transected aorta in blunt thoracic trauma causes intrathoracic bleeding, which leads to resistant hypotension and a significant risk for mortality if not repaired in time. [5, 12] Generally, these patients do not possess significant physical examination findings; however, they are hemodynamically unstable, and in case of high suspicion, CXR provides clues for diagnosis. [5, 6] Blackmore et al. described 7 risk factors related to aortic injury including age >50 years, BP <90 mmHg and thoracic trauma. [13] In a multicenter study, Mosquera et al. (82 aortic injuries from years 1980-2010) defined a traumatic aortic injury score (TRAINS) that included these criteria: widened mediastinum, hypotension, hemothorax, contusion, left scapular fracture. [12] Mosquera et al. found mean RTS to be 5.98 and 34.2% of cases had GCS <9. [12] Present study cases had similar characteristics; however, mean RTS and GCS were higher in this study group.
O'Conor stated that according to different studies, if aortic arch, descending aorta, aortopulmonary window, trachea, and left paraspinal space are normal, aortic rupture is 92% unlikely; and if nasogastric tube deviation does not exist and right paratracheal contour is clear, aortic rupture is 98% unlikely. It was said that if aortic arch and contour are normal and nasogastric tube or trachea deviation does not exist, aortic rupture can be ruled out. [9] On bedside CXR, mediastinal widening has high sensitivity (81-100%) and low specificity (34-60%). [9, 14] According to ATLS guidelines, false positive and false negative findings seldom (1-13%) exist in CXR images. [14, 15] In the present study, 40% (n=12) of cases did not exhibit mediastinal widening. It should be kept in mind that although existence of mediastinal widening is significant, aortic injury cannot be ruled out in cases without mediastinal widening. In case of mediastinal hematoma, existence of indistinct aortic contour has high sensitivity but low specificity (53% to 100%, 21% to 55%, respectively) at predicting aortic injury. [14] In the current study, only 9 of the 14 cases with indistinct aortic contour on bedside CXR had mediastinal hematoma on CCT images. This difference may arise from the fact that most patients had the CXR taken in supine position using portable imaging equipment, rendering interpretation of CXR findings difficult because of poorer technical quality. It has been stated in previous literature that depression of the left mainstem bronchus, deviation of the trachea and nasogastric tube to the right of the T3 or T4 spinous processes in CXR images may indicate aortic injury. [14] In the present study, of the 9 cases with mediastinal hematoma on CCT, only 4 cases had depression of the left mainstem bronchus and only 1 had deviation of the trachea on CXR. The first 3 ribs are protected by scapula, humerus, clavicle and their muscle groups. Injury to these bones and soft tissues may result in lung and major vessel injuries, increasing mortality by 35%. [5] In a study, only 4 of 50 cases with first and/or second rib fractures were accompanied by aortic injury (incidence 8%). It was emphasized that rib fractures did not have negative predictive value for aortic injury. Mediastinal widening, trachea deviation, and loss of aortic contour are underlined as strong determinants for using advanced imaging techniques to look for aortic injury. [16] In this study, according to the radiologist reports, left first and/or second rib fractures were seen in 7 cases (23.3%) on CXR and 10 cases (33.3%) on CCT. The soft tissue barrier around these ribs may be the reason bedside CXR images are blurry and harder to interpret. A study found that CCT is more sensitive than CXR in diagnosing rib fractures. Bone scintigraphy spotted 186, CCT spotted 62, and CXR identified 128 rib fractures. [17] During secondary survey, patients with thoracic trauma should be evaluated for subcutaneous emphysema and fractures of rib, sternum, and scapula. Though not acutely lethal, these injuries may gradually lead to death. [5, 12] In the present study, 4 cases had scapula fracture and 2 cases had sternum fracture. Subcutaneous emphysema may arise from direct trauma or esophageal and airway trauma. In these cases, it should be kept in mind that positive pressure ventilation may lead to tension pneumothorax. [5] In hemodynamically unstable patients who need emergent intervention, physical examination and bedside CXR help spot serious injuries. In hemodynamically stable patients, CCT is an excellent tool for diagnosing aortic injury. [14] It is not advised to use CCT routinely in all blunt traumas, but in selected cases. [18] After CCT, no further imaging is required for ABTAI and surgical endovascular repair should be done as soon as possible. [19] Several reports have documented CCT as being more sensitive than conventional radiography at detecting blunt thoracic injuries. [5, 18, 20] In the 1980s and 1990s, CT was used together with angiography, but today, particularly multidetector-row CT has become the primary diagnostic tool. [14] Allen and Blostein showed that CT was more efficient at detecting lung contusions than simultaneously taken CXR. It was stated that the contusion area determined with CT was 2-3 times larger than the area determined with CXR. [21] Similarly, in the present study, 21 cases had contusion on CCT while only 7 cases had contusion on CXR. Considering these findings, it can be stated that bedside CXR is not completely reliable in determining the seriousness of the injury. Mediastinal hematoma spotted on CCT is of critical importance; however, it may be of venous origin as well as aortic origin. [14] In the present study, all of the patients had aortic injury; however, 30% (n=9) had mediastinal hematoma. In ABTAI, aortic tears are mostly seen in the isthmic area (79%-96%), especially within 2 cm of the subclavian artery. [4, 8, 22] In the current study, 77% (n=23) of cases had the injury in the isthmic area. In the literature, it is reported that 80-90% of cases with aortic injury died at the accident site, and 20% lasted longer than 1 hour. Of those, 30% died in the first 6 hours, and 49% died within 24 hours. Of the remaining cases, 72% died within 8 days, and 90% of survivors died within the first 4 months. [23] In a study of 24 cases, 15 received surgical repair; 2 (7%) cases died in the acute period (in the ED and operating room) and 2 died in the long-term conservative period. [8] In a comparison of a study conducted by the American Association for the Surgery of Trauma completed in 1997 (AAST1) and a similar study completed 10 years later (AAST2), mortality in patients who underwent open repair and EVAR was found to be 31% in AAST1 and 13% in AAST2. [20] It is stated in the guidelines that 50% of the cases who survive to the hospital die within the first 24 hours. There are studies in the literature stating that 60% to 80% of cases that reach the hospital and receiving definitive therapy survive. [1, 6, 24] In the present study, 5 patients (16.6%) who received surgical repair (TEVAR, EVAR) died. None of our cases were open surgical repair. Though it is hard to comment upon long-term deaths since this study did not have long-term follow-up, it is possible to note that short-term mortality has gradually decreased along with the advancement of surgical techniques.
Bedside CXR still has critical importance even though advancements in technology have rendered CT more available. For this reason, it is important to have a consensus in CXR interpretation to plan definitive treatment. In a study evaluating CXR images for mediastinal widening and aortic injury, Ho et al. stated that inter-rater reliability between 7 different radiologists was moderate (kappa=0.49). Ho et al. suggested that this might stem from probable deficiencies in medical education, and they concluded that mediastinal widening should no longer be used a predictor for aortic injury. [25] In the present study, inter-rater reliability between the radiologist and the emergency medicine specialists was better (kappa=0.70-0.84), but this might be related to the fact that the interpreters were not blind in our study.
In conclusion, fast diagnosis and definitive treatment directly affect mortality and morbidity in cases of ABTAI. Primary survey physical examination findings and CXR images may provide clues in running the first resuscitation. For secondary survey, hemodynamic stability of the patient and trauma mechanism may lead in determining appropriate further imaging techniques.
Limitations
This study does have limitations. First, it was conducted at a single institution and it includes the limitations inherent in any retrospective study. Second, because bedside CXR does not fulfill optimal requirements for an ideal CXR, image quality may be impaired, leading to false-positive results. Third, radiographs were presented to readers in an artificial research setting. For this reason, problems in recording or shooting may have affected image quality. Fourth, none of the readers were blind to the CXR; however, we believe that this limitation is acceptable, since our main aim in this study was not to define inter-rater reliability of diagnostic criteria.
